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54
Applying a voltage bias to the photo gate 16 7

Initializing the sense node 28 using a predetermined 56
voitage potential from the readout circuit 18

Generating a charge when light 24 strikes the backside 22 58
of the photosensitive element 12

A

Collecting the generated charge in the potential well 14 0,
of the photo gate 16

Generating a first corresponding readout voltage 44 —62

Removing the voltage bias to the photo gate 16 64

Transferring the generated charge from the potential

well 14 of the photo gate 16 to the sense node 28 -66
to generate a second corresponding readout voltage 46
Comparing the first corresponding readout voltage 44 .68

to a threshold voltage

If the first corresponding readout voltage 44 is greater than
the threshold voltage, outputting an analog signal for the .70
first corresponding readout voltage 44, and if less than the

threshold voltage, outputting an analog signal for the
second corresponding readout voltage 46

F1G 4
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Applying a voltage bias to the photo gate 16 &4

Generating a charge when light 24 strikes the backside 22 86
of the photosensitive element 12

Collecting the generated charge in the pbtential well 14
of the photo gate 16

Clocking the transfer switch 76 to high and removing _,
the voltage bias to the photo gate 16 to transfer the ~90
generated charge from the potential well 14
to the sense diffusion 26

Clocking the photo gate 16 and the drain switch 74 to . G2
high to drain excess charge to the drainage diffusion 78

Clocking the drain switch 74 to low and 94
starting next charge integration cycle

Yy -~ —

Generating a readout voltage corresponding to the - 96
charge transferred to the sense diffusion 26

Draining the charge transferred to the sense diffusion 26 98
using reset transistor 30 and the supply voltage 32

F/G. 6
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BACKSIDE ILLUMINATED CMOS IMAGE
SENSOR WITH PHOTO GATE PIXEL

BACKGROUND

This disclosure relates generally to photo sensors. More
specifically, the disclosure relates to backside illuminated
CMOS 1mage sensors with photo gate pixel.

SUMMARY

A backside 1lluminated CMOS 1mage sensor 1s disclosed.
The backside illuminated CMOS 1mage sensor includes a
photosensitive element, a photo gate, a sense diffusion and a
readout circuit. The photosensitive element having a front
side and a back side, for releasing charge when light strikes
the back side of the photosensitive element. The photo gate on
the front side on the photosensitive element. The photo gate
having a potential well for receiving the released charge from
the photosensitive element. The sense node, adjacent the
photo gate, receives the released charge from the potential
well. The readout circuit coupled to the sense node, for mea-
suring a voltage corresponding to the released charge trans-
terred to the sense node.

In one embodiment, the backside illuminated CMOS
image sensor includes a drain switch adjacent the photo gate
on the front side of the photosensitive element, for draining
excess charge from the photo gate. The backside 1lluminated
CMOS mmage sensor may also include a transier switch
between the photo gate and the sense node, for transierring,
the released charge from the photo gate to the sense node and
for 1solating the charge transferred to the sense node from the
photo gate. The backside 1lluminated CMOS 1mage sensor
may further include a reset transistor and a supply voltage, for
draining the charge transferred to the sense node after read-
out. In one embodiment, the backside illuminated CMOS
image sensor may include a deep p implant to shield the sense
diffusion from parasitic charge integration.

In one embodiment, a method for increased full well capac-
ity 1n an 1mage sensor 1s disclosed. The image sensor having
a photosensitive element with a front side and a back side, a
photo gate with a potential well on the front side of the
photosensitive element, a sense node and a readout circuit.
The method 1includes generating a charge when light strikes
the back side of the photosensitive element, collecting the
generated charge in the potential well of the photo gate, and
transierring the generated charge from the potential well of
the photo gate to the sense node to generate a corresponding,
readout voltage.

In one embodiment, the method includes generating a first
corresponding readout voltage prior to the step of transferring
all of the generated charge from the potential well of the photo
gate to the sense node, comparing the first corresponding
readout voltage to a threshold voltage, and 11 the first corre-
sponding readout voltage 1s greater than the threshold volt-
age, outputting an analog signal for the first corresponding
readout voltage. Next, removing the voltage bias to the photo
gate after the step of collecting the generated charge 1n the

potential well of the photo gate for transierring the generated
charge to the sense node. If the first corresponding readout
voltage 1s less than the threshold voltage, generating a second
corresponding readout voltage aiter the step of transferring
the generated charge from the potential well of the photo gate
to the sense node, and outputting an analog signal for the
second corresponding readout voltage.

DRAWINGS

The above-mentioned features and objects of the present
disclosure will become more apparent with reference to the
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2

following description taken 1n conjunction with the accom-
panying drawings wherein like reference numerals denote

like elements and 1n which:

FIG. 1 1s a backside illuminated CMOS 1mage sensor,
according to an embodiment of the present disclosure.

FIG. 2 1s an exemplary electrical representation of the
backside illuminated CMOS 1mage sensor of FIG. 1, accord-
ing to an embodiment of the present disclosure.

FIG. 3 1s an exemplary timing diagram illustrating partial
digitization 1n the backside 1lluminated CMOS 1mage sensor
of FIG. 1, according to an embodiment of the present disclo-
sure.

FIG. 4 1s an exemplary flowchart outlining the operation of
the backside illuminated CMOS image sensor of FIG. 1,
according to an embodiment of the present disclosure.

FIG. 5 1s a backside illuminated CMOS 1mage sensor for
snapshot shutter implementation, according to an embodi-
ment of the present disclosure.

FIG. 6 1s an exemplary tflowchart outlining the operation of

the backside illuminated CMOS image sensor of FIG. 5,
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

In the description that follows, the present invention will be
described 1n reference to a preferred embodiment that pro-
vides increased full well capacity 1in an 1image sensor. The
present mvention, however, 1s not limited to any particular
imaging application nor 1s it limited by the examples
described herein. Therefore, the description of the embodi-
ments that follow are for purposes of illustration and not
limitation.

FIG. 1 illustrates a backside 1lluminated complementary
metal oxide semiconductor (CMOS) image sensor 10,
according to an embodiment of the present disclosure. The
complementary metal oxide semiconductor may include a
plurality of pixels, each pixel may include a photosensitive
clement 12, a potential well 14, a photo gate 16 and a readout
circuit 18.

The photosensitive element 12 has a front side 20 and a
back side 22. The photosensitive element 12 may release
charge when light 24 strikes the back side 22. The potential
well 14 may be partially depleted, as shown in FIG. 1. As can
be appreciated, the potential well 14 may also be tully
depleted 11 high resistivity silicon 1s used, thereby reaching all
the way to the back side 22. The photo gate 16, located on the
tront side 20 of the photosensitive element 12, may be used to
transier the charge from the potential well 14 to a sense
diffusion 26. The photo gate 16 may be a silicided transistor
gate. In one embodiment, the sense diffusion 26, located on
the front side 20, may be an n-type implant for collecting
clectrons from the potential well 14. In another embodiment,
the sense diffusion 26 may be a p-type implant for collecting
holes, in which case the polarity of the photo gate 16 would be
inverted.

The pixel may also include a readout circuit 18 coupled to
the sense diffusion 26. The readout circuit 18 may be used to
measure a voltage corresponding to the released charge trans-
terred to the sense diffusion 26. The readout circuit 18 may
include a sense node 28, a reset transistor 30 and a supply
voltage 32. The sense node 28 couples the readout circuit 18
to the sense diffusion 26. The reset transistor 30 and the
supply voltage 32 may be used to drain the charge transferred
to the sense diffusion 26 after readout. In one embodiment,
the pixel may also include a deep p implant (not shown) to
shield the sense diffusion 26 from parasitic charge integra-
tion.
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FIG. 2 1s an exemplary electrical representation of the
backside illuminated CMOS i1mage sensor 10 of FIG. 1,
according to an embodiment of the present disclosure. As 1s
understood by a person skilled 1n the art, capacitors 34 and 36
are electrical representations of the photo gate 16, while
capacitor 38 1s an electrical representation of the sense difiu-
sion 26. In one embodiment, the photo gate capacitance may
be about 5 {fF/um”.

FI1G. 3 1s an exemplary timing diagram 40 illustrating par-
tial digitization 1n the backside illuminated CMOS 1mage
sensor 10 of FIG. 1, according to an embodiment of the
present disclosure. As can be appreciated, the voltage poten-
tial applied to the photo gate 16 1s constant during an integra-
tion period and not pulsating. For example, the photo gate 16
may be clocked to high 42 during an integration period by
applying a voltage bias of about 3.3V to the photo gate 16.
Charge generated from light 24 striking the back side 22 of
the photosensitive element 12 may then be collected 1n the
potential well 14 adjacent the photo gate 16.

Prior to collapsing the potential well 14 and transferring all
generated charge from the potential well 14 to the sense node
28, a first corresponding readout voltage 44 may be gener-
ated. The first corresponding readout voltage 44 may then be
compared to a threshold voltage V,, . ... The threshold
voltage V, . .. may depend on the noise level present at a
readout amplifier (not shown). A second corresponding read-
out voltage 46 may be generated after transterring all gener-
ated charge from the potential well 14 to the sense node 28.
All of the generated charge may be transierred from the
potential well 14 to the sense node 28 by removing the voltage
bias to the photo gate 16, thereby clocking the photo gate 16
to a low level 50, for example, to O Volts. As can be appreci-
ated, when the photo gate 16 1s clocked to a high level 42, the
pixel may exhibit maximum full well capacity, and when the
photo gate 16 is clocked to the low level 50 upon 2”4 readout,
the pixel may exhibit maximum gain with lower effective
sense node capacitance.

In one embodiment, 11 the first corresponding readout volt-
age 44 1s greater than the threshold voltage V., ., . .. the pixel
may output 48 an analog signal for the first corresponding
readout voltage 44. If the first corresponding readout voltage
44 1s less than the threshold voltage V,, __, .. the pixel may
output 48 an analog signal for the second corresponding
readout voltage 46. In one embodiment, the output 48 may
include the analog signal and a one bit information at the
column level. The analog signal may be determined by the
amount of charge transierred to the sense diffusion 26 and the
sense node capacitance present during readout. The one bit
information may be a column level comparison of the first
corresponding readout voltage 44 with the threshold voltage

Vrhreshﬂfd‘
FI1G. 4 1s an exemplary tlowchart 52 outlining the operation

of the backside illuminated CMOS 1mage sensor 10 of FI1G. 1,
according to an embodiment of the present disclosure. The
method begins by applying a voltage bias to the photo gate 16
to create a potential well 14 underneath the photo gate 16 for
collecting the generated charge (54). Next the sense node 28
1s 1in1tialized using a predetermined voltage potential from the
readout circuit 18 (56). A charge may then be generated when
light 24 strikes the backside 22 of the photosensitive element
12 (58). Next, the generated charge may be collected 1n the
potential well 14 of the photo gate 16 (60). A first correspond-
ing readout voltage 44 1s generated while the voltage bias 1s
applied to the photo gate 16 (62). Next, the voltage bias 1s
removed from the photo gate 16 (64 ) and all generated charge
1s transterred from the potential well 14 to the sense node 28
to generate a second corresponding readout voltage 46 (66).
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In one embodiment, a column level comparison may be made
between the first corresponding readout voltage 44 and the
threshold voltage V,, ., ., (68). If the first corresponding
readout voltage 44 1s greater than the threshold voltage
V.. .. ananalog signal for the first corresponding readout
voltage 44 may be outputted, and 11 the first corresponding
readout voltage 44 1s less than the threshold voltageV,, . . ..
an analog signal for the second corresponding readout volt-
age 46 may be outputted (70). As can be appreciated, if the
first corresponding readout voltage 44 1s greater than the
threshold voltage V,, ., .. the step of generating a second
corresponding readout voltage 46 (66) may be skipped. As
explained above, the output 48 may also include a one bit
information at the column level related to the comparison
made at the column level between the two corresponding
readout voltages 44, 46 and the threshold voltage V,, __, . ..

FIG. 5 1s a backside 1lluminated CMOS 1mage sensor 72
for snapshot shutter implementation, according to an embodi-
ment of the present disclosure. The backside illuminated
CMOS 1mage sensor 72 may include a plurality of pixels,
cach pixel may include a photosensitive element 12, a poten-
tial well 14, a photo gate 16, a readout circuit 18, a drain
switch 74, a transfer switch 76, a drainage diffusion 78 and a
deep well implant 80. The backside illuminated CMOS image
sensor 72 may be configured to integrate while read to pro-
vide simultaneous exposure for all pixels.

In one embodiment, the drain switch 74 may be adjacent
the photo gate 16 on the front side 20 of the photosensitive
clement 12. The drainage diffusion 78 may be adjacent the
drain switch 74 and coupled to the supply voltage 32. The
drain switch 74 and the drainage diffusion 78 may be used to
drain excess charge collected in the potential well 14 of the
photo gate 16. The transier switch 76 may also be adjacent the
photo gate 16 on the front side 20 of the photosensitive
clement 12. The transier switch 76 may be located between
the photo gate 16 and the sense diffusion 26. The transier
switch 76 may be used to transfer the released charge from the
photo gate 16 to the sense node 28 and to 1solate the charge
transierred to the sense node 28 from the photo gate 16. As
can be appreciated, each pixel can include a plurality of drain
switches 74 for draining the excess charge collected 1n the
potential well 14 of the photo gate 16. Each pixel may also
include a plurality of transfer switches 76 for transferring the
released charge from the photo gate 16 to the sense node 28
and for 1solating the charge transferred to the sense node 28
from the photo gate 16. In one embodiment, the deep well
implant 80 may be a deep p implant to shield the sense
diffusion 26 from parasitic charge integration. The deep p
well implant 80 may also be used to shield the transier switch
76 and the drain switch 74 from parasitic charge integration in
their respective potential wells.

FIG. 6 1s an exemplary tlowchart 82 outlining the operation
of the backside illuminated CMOS 1mage sensor 72 o FI1G. 5,
according to an embodiment of the present disclosure. To
provide charge integrate while read tunctionality, each pixel
in the backside 1lluminated CMOS 1mage sensor 72 operates
as follows. A voltage bias may be applied to the photo gate 16
to create a potential well 14 underneath the photo gate 16 for
collecting the generated charge (84). Next, a charge may be
generated when light 24 strikes the backside 22 of the photo-
sensitive element 12 (86). The generated charge may be col-
lected 1n the potential well 14 of the photo gate 16 (88). The
transier switch 76 may then be clocked to high and the gen-
crated charge may be transierred from the potential well 14 to
the sense node 28 by removing the voltage bias to the photo
gate 16, thereby clocking the photo gate 16 to a low, for
example, to 0 Volts (90). Since light 24 1s still striking the
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backside 22 of the photosensitive element 12, more charge 1s
generated by the photosensitive element 12. The excess
charge may be drained to drainage diffusion 78 by clocking
the photo gate 16 and the drain switch 74 to high (92). As
such, the photo gate 16 i1s continuously drained for the
remainder of the frame time so that no additional charge 1s
collected. Next, the readout pointer may be used to measure a
corresponding readout voltage from the pixel (96). The reset
transistor 30 and the supply voltage 32 may then be used to
drain the charge transierred to the sense node 28 after readout
(98). Hence, the pixel may start charge integration while there
1s still a signal charge on the sense node 28 from the previous
frame (94). As can be appreciated, this may be performed
over an entire array of pixels.

As can be appreciated, the present invention provides
higher sensitivity as compared to front side 1lluminated imag-
ers. For example, the quantum efliciency 1s not reduced by fill
factor, absorption or reflection 1n gate electrode, and absorp-
tion, reflection or interference 1n Inter Layer Dielectrics
(ILD). The present invention may also be used to provide a
wide dynamic range. Additionally, the present invention may
provide higher full well capacity as compared to prior art
photo diode based CMOS imagers. In one embodiment, the
present invention provides about five times as much full well
capacity in comparison to prior art photo diode based CMOS
1magers.

Applications of the present invention may include visible
video and still picture digital cameras. The present invention
may also be used for mobile phone cameras for high sensi-
tivity, wider dynamic range, and lower cost. Similarly, the
present invention may be utilized with adaptive optics imag-
ing systems for higher sensitivity at high frame rates and more
pixel level functionality. Furthermore, the present invention
may be used with automotive cameras for wide dynamic
range and lower cost. In one embodiment, the present inven-
tion may be suited for implementation on high resistivity
s1licon with back bias causing the potential well underneath
the photo gate to reach to the back side.

While the back side 1lluminated CMOS 1mage sensor with
photo gate pixel has been described 1n terms of what are
presently considered to be the most practical and pretferred
embodiments, 1t 1s to be understood that the disclosure need
not be limited to the disclosed embodiments. It should also be
understood that a variety of changes may be made without
departing from the essence of the invention. Such changes are
also mmplicitly included in the description. They still fall
within the scope of this disclosure. It should be understood
that this disclosure 1s mtended to yield a patent covering
numerous aspects of the invention both independently and as
an overall system and 1n both method and apparatus modes.

Further, each of the various elements of the invention and
claims may also be achieved in a variety of manners. This
disclosure should be understood to encompass each such
variation, be 1t a variation of an embodiment of any apparatus
embodiment, a method or process embodiment, or even
merely a variation of any element of these. Particularly, it
should be understood that as the disclosure relates to elements
ol the imnvention, the words for each element may be expressed
by equivalent apparatus terms or method terms—even 1f only
the function or result 1s the same. Such equivalent, broader, or
even more generic terms should be considered to be encom-
passed 1n the description of each element or action. Such
terms can be substituted where desired to make explicit the
implicitly broad coverage to which this invention 1s entitled.

It should be understood that all actions may be expressed as
a means for taking that action or as an element which causes
that action. Similarly, each physical element disclosed should
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be understood to encompass a disclosure of the action which
that physical element facilitates.

It should be understood that various modifications and
similar arrangements are included within the spirit and scope
of the claims, the scope of which should be accorded the
broadest interpretation so as to encompass all such modifica-
tions and similar structures. The present disclosure imncludes
any and all embodiments of the following claims.

The mvention claimed 1s:

1. A backside 1lluminated CMOS 1mage sensor with a front
side and a back side, the backside i1lluminated CMOS sensor
comprising;

a photosensitive element on the back side, for releasing

charge when light strikes the photosensitive element;
a photo gate on the front side, the photo gate having a
potential well for receiving the released charge from the
photosensitive element;
a sense diflusion for recerving the released charge from the
potential well;
a readout circuit coupled to the sense diffusion, for mea-
suring a voltage corresponding to the released charge
transferred to the sense diffusion;
a drain switch adjacent the photo gate on the front side, for
draining excess charge from the photo gate; and
comparison circuitry arranged to compare the voltage mea-
sured by the readout circuit to a threshold voltage;
said readout circuit further arranged to:
generate a {irst corresponding readout voltage based on
the voltage at said sense diffusion prior to the transfer
of said released charge from said photo gate to said
sense diflusion when the voltage at said sense diffu-
sion prior to the transfer of said released charge 1s
greater than a threshold voltage, and to

generate a second corresponding readout voltage based
on the voltage at said sense diflusion after the transfer
of said released charge from said photo gate to said
sense diflusion when the voltage at said sense diffu-
sion prior to the transier of said released charge 1s less
than said threshold voltage.

2. The backside illuminated CMOS 1mage sensor of claim
1 further comprising a transier switch between the photo gate
and the sense diffusion, for transferring the released charge
from the photo gate to the sense diffusion and for 1solating the
charge transferred to the sense diffusion from the photo gate.

3. The backside 1lluminated CMOS 1mage sensor of claim
2 further comprising a deep well implant for shielding the
transier switch and the sense diffusion from capacitive cou-
pling and mcident photons.

4. The backside 1lluminated CMOS 1mage sensor of claim
1 further comprising a reset transistor and a supply voltage,
for draining the charge transtierred to the sense diffusion after
readout.

5. A backside 1lluminated CMOS 1mage sensor with a front
side and a back side, the backside i1lluminated CMOS sensor
comprising:

a photosensitive element on the back side, for releasing

charge when light strikes the photosensitive element;

a photo gate on the front side, the photo gate having a
potential well for recerving the released charge from the
photosensitive element;

a sense diflusion for receiving the released charge from the
potential well;

a transier switch between the photo gate and the sense
diffusion, for transierring the released charge from the
photo gate to the sense diffusion and for 1solating the
charge transierred to the sense diffusion from the photo
gate;




US 7,936,039 B2

7

a drain switch adjacent the photo gate on the front side, for
draining excess charge from the photo gate;

a readout circuit coupled to the sense diffusion, for mea-
suring a voltage corresponding to the released charge
transferred to the sense diffusion; and

a deep well implant for shielding the transier switch, the
drain switch and the sense diffusion from parasitic
charge integration.

6. A pixel for a CMOS photo sensor, comprising;:

a photosensitive element having a front side and a back
side, for releasing charge when light strikes the back side
of the photosensitive element;

a potential well for recerving the released charge from the
photosensitive element;

a photo gate on the front side of the photosensitive element,
for transierring the released charge from the potential
well to a sense node;

a readout circuit coupled to the sense node, for measuring,

a voltage at said sense node; and
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comparison circuitry arranged to compare the voltage mea-
sured by the readout circuit to a threshold voltage;
said readout circuit arranged to generate a first correspond-
ing readout voltage based on the voltage at said sense
node prior to the transfer of said released charge and to
generate a second corresponding readout voltage based
on the voltage at said sense node after the transier of said
released charge to the sense node, said readout circuit
further arranged such that:
when said first corresponding readout voltage 1s greater
than a threshold voltage, outputting said first corre-
sponding readout voltage, and
when said first corresponding readout voltage 1s less
then said threshold voltage, outputting said second
corresponding readout voltage.
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